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Abstract: 
Most vehicle/pedestrian crashes in the United States occur in urban areas, 
and over three-fourths of these crashes take place at non-intersection or "midblock" 
locations. There are a number of factors that may play a role in a vehicle/pedestrian 
crash, these include: the environment, motorist, pedestrian and the roadway. Of 
these factors, roadway design and layout can be addressed on a consistent basis. 
Previous research on pedestrian safety has focused on a specific crash type or 
roadway improvement. This research will look at the combined impacts of multiple 
roadway design features. Determining if there is a relationship between multiple 
roadway design features and vehicle/pedestrian crashes will increase an 
understanding of how to make the road environment safer for pedestrians. 
This research measures the relationship between roadway design 
characteristics and vehicle/pedestrian crashes in Des Moines, Iowa; using a 
regression model. For this regression model, crash density was used as the 
criterion in order to normalize the number of crashes due to the study segments 
being of varying lengths. The .regression model explains the relationship between 
the relevant predictors, and the criterion. 
The resulting regression equation shows that both on-street parking and 
number of lanes are positively related to the vehicle/pedestrian crash density. 
These results help to explain why certain road segments in Des Moines have a 
higher number of vehicle/pedestrian crashes. They also show that more than one 
factor can play a role in this type of crash, and that multiple factors should be taken 
into account when improving the pedestrian safety of a road segment. 
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Chapter 1 -Introduction: 
Vehicle/pedestrian crashes: 
A majority of vehicle/pedestrian collisions in the United States occur in urban 
areas. Over three-fourths occur at locations that are considered non-intersection 
(1). In addition, 90 percent occur in "normal" weather conditions, and almost half 
occur during daylight conditions. Other factors that play a role in vehicle/pedestrian 
crashes include: the driver, pedestrian, and the roadway. While motorists and 
pedestrians can be educated about the potential hazards, and there can be 
increased enforcement of traffic laws, this method of improving safety may not 
always be consistent. Roadway design and layout is a factor that plays a role in 
vehicle/pedestrian crashes which can be improved on a consistent basis. Previous 
research on pedestrian safety has focused on a specific crash type or roadway 
improvement. This research will look at the combined impacts of roadway design 
features. The number of vehicle/pedestrian crashes within a defined segment is the 
best indicator of the effectiveness of different roadway design features. 
Influence of roadway design on vehicle/pedestrian crashes: 
There is a potential for conflict between a vehicle and pedestrian every time 
that a pedestrian crosses a driveway or road. These conflicts can cause injury to the 
pedestrian or be fatal. Certain roadway design and traffic calming techniques, 
including access management, may provide the ability to reduce or manage these 
conflict areas. These techniques and features include: placing a raised median or 
crossing island in the center of a road, and reducing driveway density. Other 
features, such as having mare lanes, or on-street parking, may increase 
vehicle/pedestrian crashes in that area. Research contained in this thesis 
hypothesizes that these roadway features play a role in vehicle pedestrian crashes, 
and that by using or not using certain features along the road can help to create a 
safer environment for pedestrians. 
z
Need for research: 
Specific pedestrian crash types, as well as the effects of a specific roadway 
improvement, have been looked at in previous research on pedestrian safety. 
However, the combined effects of more than one roadway feature have not been 
examined. Determining if there is a connection between more than one roadway 
design feature and vehiclelpedestrian crashes would prove beneficial in 
understanding how to make the road environment safer for pedestrians. 
Planners should work to promote the health, safety, and welfare of the public 
(2). Roads make up part of the transportation system, which provides for the welfare 
of the public by allowing people and goods to travel between different properties. 
Safety is an issue on roads since there is the potential for vehicle/vehicle and 
vehicle/pedestrian crashes. Designing or changing a roadway to incorporate 
characteristics that reduce vehicle/vehicle crashes will help to improve public safety. 
Project description and objectives: 
The purpose of this research is to determine if there is a connection between 
roadway design characteristics and vehicle/pedestrian crashes in the Des Moines 
metropolitan area. This will be accomplished through the analysis of 
vehicle/pedestrian crash location and roadway features. Both descriptive and 
inferential statistics will be used. Descriptive statistics will show the physical 
features and the characteristics, as well as vehicle/pedestrian crash density, of road 
segments. Once the features and characteristics of a segment are matched to the 
crashes that occurred in that same segment, inferential statistics will be used to 
determine the type of relationship and its strength. A regression model developed 
from the inferential statistics will be created to show the relationship befinreen the 
relevant independent variables, road features and characteristics, and the 
dependent variable, vehicle/pedestrian crash density. Use of this regression model 
with relevant data will help to show the effect that changing some of the road 
features will have on crash density. 
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Proposed hypothesis: 
There are many factors which can influence the location and density of 
vehiclelpedestrian crashes. These factors can be related to: the environment, 
pedestrian, roadway deign, or the vehicle driver. Factors do not all play a role in 
vehicle pedestrian crashes the same way, nor do they remain constant for all 
vehicle/pedestrian crashes. A factor that may have been the determinant in one 
crash may have only a minor influence in another, or none at all. Some of these 
factors can be addressed to improve safety more easily than others; one factor 
which can be easily examined and improved is the design of a roadway. Roadway 
design varies by a road's classification and whether or not it is an intersection. This 
thesis will look at roadway design characteristics on 4-lane arterials at non-
intersection, or midblock, locations. The hypothesis for this thesis is that roadway 
design plays a role in vehicle/pedestrian crashes and crash density. And roads with 
certain design features exhibit a lower vehicle/pedestrian crash density. While 
these design features may not prevent vehicle/pedestrian crashes, they may help to 
reduce the chance of their occurrence. 
organization of thesis: 
This thesis is organized into six chapters: Introduction, literature review, 
methodology, descriptive statistics, inferential statistics, and conclusions. The first 
chapter provides a brief overview of the topic covered in this thesis, shows a need 
for research in this area, and describes the research hypothesis. Chapter two 
provides a literature review of related information and research in the areas of 
pedestrian safety and roadway design. The methodology, chapter three, describes 
the techniques used in collecting and analyzing the data. Chapter four looks at the 
descriptive statistics associated with the selected roadway segments and the 
crashes. Chapter five, inferential statistics, describes the statistical methods used to 
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examine the relationships between the descriptive statistics. And it also looks at the 
creation of the regression equation. The final chapter discusses the findings of this 
thesis and whether the hypothesis can be supported or rejected. 
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Chapter 2 —Vehicle/Pedestrian crashes and access 
management: 
Introduction: 
This chapter will examine previous literature and research relating to 
vehicle/pedestrian crashes as well as roadway improvements that will reduce the 
number of crashes and make crossing a road safer for pedestrians. The first part of 
this chapter will focus on vehicle/pedestrian crashes. It will discuss the number of 
crashes that occur each year, their fatality rates, and where they occur. It will 
describe the different classifications of collisions between vehicles and pedestrians. 
The second part of this chapter will cover access management and how it relates to 
pedestrian management. it will also address how specific changes can be made to 
the roadway to improve pedestrian safety. 
Vehicle/Pedestrian crashes: 
According to data from the National Highway Traffic Safety Administration 
(NHTSA), there were 4,882 pedestrians were killed and approximately 78,000 
pedestrians were injured in vehicle/pedestrian crashes in the U.S. during 2001 (3). 
On average, a pedestrian is killed in a crash every 108 minutes, and a pedestrian is 
injured every seven minutes. Pedestrian fatalities resulting from vehicle pedestrian 
crashes made up 11.6 percent of the total traffic fatalities in the United States. 
Roughly 68 percent of all the pedestrian crashes in 2001 occurred in urban areas, 
79 percent at non-intersection locations, 90 percent in "normal weather conditions, 
and 46 percent during daytime (3). 
Of the 4,882 pedestrian fatalities resulting from vehicle/pedestrian collisions ~n 
2001, 4,461 (91 percent) were the result of single vehicle crashes. The remaining 
421 (9 percent) were from crashes involving multiple vehicles. Figure 2.1 shows 
how vehicle/pedestrian crashes from 2001 are distributed between rural and urban 
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roadways. Figure 2.2 shows how these crashes are distributed across urban 
roadway function classes. A majority of these crashes for 1998 through 2001 
occurred on urban roadways. Approximately 56 percent of the urban crashes that 
resulted in pedestrian fatalities occurred on roads classified as principal or minor 
arterials. Fatal pedestrian crashes in 1998 and 1999 were similarly distributed, with 
61 and 59 percent occurring on urban arterials (1). 2000 had a higher percentage of 
vehiclelpedestrian crashes on urban arterials, but this is not due to an actual 
increase in crashes on these roads, rather less crashes occurring on all urban 
roadway types. Examples of principal arterials in Des Moines are: E 14t" Street, 63rd 
Street and Douglas/Euclid Avenue. Roads such as Army Post Road and Grand 
Avenue are considered minor arterials. Table A.1, in appendix A, provides a 
description of the number of vehicle/pedestrian crashes on each of the different 
roadway function classes from 1998 through 2001. 
Figure 2.1 
Pedestrian fatalities resulting from single vehicle 
crashes by roadway location - 2001 
8% 
Rural roadway total 
■ Urban roadway types total 
Unknown roadway type 
Source: NHTSA ~- Pedestrian Roadway Fatalities, 2003 
~~~ ~~~c~Q~~ f~~t~ ~o~~~~ ~~~~a8~~~~ f~~~ s~~~~~ vc~~oc~~ 
~~~~~~~~ ~~ ~ ~~~~ ~~~l~~y types ~ ~~ 
Principal arteria! interstate 
2% 9% .~ 
21 % `_ 6% 
5% 
20% 
37% 
Principe! arterial other 
e~ressway or freeway 
Q Qther Pri nci pa! arterial 
C~ lViinor arterial 
■ Collector 
~ Loco! road or street 
~~ Unknown 
Source: iV i-I TSA -- Pedestrian Road wa y Fa talities, 2003 
Figure 2.3 shows that a majority of fatal vehicle/pedestrian crashes occur at 
non-intersection or midblock locations. From 1998 through 2001, over 75 percent of 
the fatal vehicle pedestrian crashes occurred at midblock locations. The 2001 data, 
shown in figure 2.4, illustrates that most of the fatal crashes occurred on the travel 
portion of the road as opposed to other areas, such as the shoulder or a bike lane. 
This figure else shows that relatively few Of these crashes occurred at midblock 
locations where there are crosswalks. A majority were away from the crosswalks or 
at locations where midblock crosswalks are not present. Table A.2, shows the 
number of vehicle/pedestrian crashes and their location in either an intersection or 
midblock crossing that occurred during the four year period from 1998 through 2001. 
Figure 2.3 
Pedestrian fatalities resulting from single vehicle 
crashes by crash location - 2001 
1% 
Total intersection location 
■ Total non-intersection 
location 
Unknown location 
Source: NHTSA -- Pedestrian Roadway Fatalities, 2003 
Figure 2.4 
Pedestrian fatalities resulting from single vehicle 
crashes in non-intersection locations - 2001 
I n crosswalk 
■ On road, not i n crosswalk 
On road, crosswalk not 
available 
On road, crosswalk 
availiblity unknown 
■ t n parks ng lane 
On road shoulder 
■ Bike path 
Outside trafficway 
■ Other, not on road 
■ Unknown 
Source: NHTSA -- Pedestrian Roadway Fatalities, 2003 
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Vehicle/pedestrian collisions occur most often during the morning and 
afternoon peak periods (4). Fatal crashes involving pedestrians occur with 
increasing volume later in the day, with most taking place between 5 and 11pm. 
Twice as many pedestrian fatalities resulting from vehiclelpedestrian crashes 
occurred in dark or dark but lighted conditions, as opposed to daylight, shown in 
table A.3. And, the number of fatal crashes for pedestrians almost doubles between 
the hours of 3 and 6pm, and then doubles again between 6 and 9pm, (see table 
A.4). The number of fatal crashes then remains high through midnight, before 
decreasing. 
A number of causes or related factors contribute to fatal vehicle/pedestrian 
crashes and all vehicle/pedestrian crashes. These factors may include actions of 
pedestrians before they were struck, the motorist's behavior before the collision, or 
the visual layout of the area where the crash occurred. According to table 2.5, if 
there is a contributing factor responsible on the part of pedestrians, in most cases it 
is that they did not cross the road properly or were engaging in some activity in the 
roadway. Some of these factors, and the different types of midblock 
vehiclelpedestrian crashes, will be explained in more detail in the next section of this 
chapter. 
Table 2.5 
Pedestrian fatalities in sin. ~ !e vehicle crashes b re~atec~ factor. and ~ ear 
Related factors year 
1998 1999 2000 2001 
Improper crossing of road or intersection 1,149 1, 420 1, 322 1, 297 
Walking, playing, working, in road 1,401 1,259 1,074 1,114 
Failure to yield right of way 667 629 624 647 
Darting or running into road 613 618 571 521 
Not visible 377 368 426 423 
Inattentive 126 102 114 139 
Failure to obey signal or officer 64 68 77 82 
Other factors 212 231 204 215 
None reported 1,172 1,110 1,186 1, 283 
Unkown 80 88 48 100 
Total 4, 801 4, 516 4,340 4, 461 
Source: National Highway Traffic Safety Administration -Pedestrian Roadway Fatalities, 2003 
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Pedestrian crash types: 
The Federal Highway Administration (FHWA) has identified 36 categories for 
vehicle/pedestrian crashes. The determination of the type of crash is taken from 
police crash reports, and therefore, is based on the officer's opinion. Seven of these 
crash types can be attributed to midblock collisions and may be influenced by 
roadway design and traffic calming measures. These seven crash types are: not in 
roadway, vehicle turn/merge, multiple threat at midblock, midblock dart-out, midblock 
dash, walked into vehicle at midblock, and midblock other. All of these crash-types 
are listed in table 2.6, and the seven crash types are shown in red. This table also 
gives the frequency for each crash type and the percentage that the crash will be 
fatal for the pedestrian. Five of the crash types that can be associated with midblock 
collisions are in the top 10 types of vehicle/pedestrian crashes, four are the top four 
most frequent types. In terms of severity, these types of crashes all have a fatality 
rate of 50 percent or less. 
1~ 
Table 2.6 
VehiclelPedestrian crashes -crash pe summary 
Crash t pe Frequenc Percent fats! 
Commercial bus related 0.4 23 
School bus related 0.4 32 
Ice cream vendor 0.8 21 
Mailbox related 0.3 50 
Exiting or entering parked vehicle 0.7 31 
Driverless vehicle 2.1 38 
Backing vehicle 6.9 23 
Hot pursuit 0.1 60 
Disabled vehicle related 2.5 42 
Working on roadway 1.4 20 
Play vehicle related 0.7 38 
Playing in roadway 0.9 30 
Expressway crossing 0.5 84 
Walking along road 7.4 37 
Waiting to cross 0.7 32 
11ot in roadway 7.9 ~~ 
Vehicle turnl merge 9.8 18 
Intersection dash 7.2 34 
Trapped 0.8 12 
Walked into vehicle at intersection 0.9 20 
Driver violation at intersection 5.1 28 
Intersection other 7.2 42 
Multiple threat at midblock 0.9 41 
Midblock dart out 4.8 32 
Midblock dash 8.7 37 
Walked in vehicle at midblock 1.5 32 
Midblock ©they 10.8 49 
Weird 1.7 45 
Lying in road 0.4 67 
Suicide 0.1 100 
Assault with vehicle 1.1 18 
Domestic/ dispute related 1.5 23 
Pedestrian on vehicle 0.8 31 
Vehicle - vehicle crash 1.2 26 
Vehicle -object crash 0.5 11 
Inadequate information 0.5 41 
Total 99 
Source: FHV1/A Crashtype Manual for Pedestrians - 1996 
Not 1n roadway° 
Vehicle/pedestrian crashes that are considered to occur outside of the 
roadway; take place in a driveway, private road, sidewalk, or yard, are classified as 
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"not in roadway" crashes (5}. As shown in table 2.6, this type of crash makes up 7.9 
percent of all vehicle/pedestrian crashes and have a 28 percent rate for causing a 
fatal injury. In 84 percent of "not in roadway" crashes, both the vehicle and 
pedestrian were not in the roadway; over half occurred in driveway or parking lot 
locations (5). In the other 16 percent of the crashes, the vehicle was on the road, 
but left the road before striking the pedestrian. 
Vehicle turn/merge: 
Vehicle/pedestrian crashes classified as "vehicle turn/merge" are cases 
where the vehicle struck a pedestrian while it was preparing to, in the process of, or 
completing aturn/merge (5). Crashes resulting from turning or merging maneuvers 
are more likely to occur on four or more lane roads where there are more lane 
change maneuvers. This type of crash is the second most frequent type of 
vehicle/pedestrian crashes, making up 9.8 percent the total. Due to the lower 
speeds involved in turning and merging maneuvers, this type of crash has the third 
lowest fatality rate, with only 18 percent of all resulting crashes leading to a fatal 
injury to the pedestrian. 
Multiple threat at midblock: 
Crashes considered "multiple threat at midblock" are vehicle/pedestrian 
crashes where a pedestrian entered a travel lane in front of stopped traffic and was 
struck by another vehicle moving in the same direction as stopped traffic when 
crossing the next lane (5). Table 2.6 shows that this type of crash occurs less than 
other midblock pedestrian crash types. It also shows that multiple threat at midblock 
crashes have one of the higher fatality rate of 41 percent. This type of crash is 
more likely to occur on multilane roads, and take place in daylight during the week 
(5). It is also more likely to involve younger (10-14 year old) pedestrians than other 
crash types. 
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Midblock dart -out: 
Midblock dart-out crashes are where the motorist's view of the pedestrian is 
blocked until the instant before impact (5). These crashes are similar to the multiple 
threat at midblock crashes because the driver is unable to see the pedestrian due to 
an object outside their vehicle obstructing the view. This type of crash is also more 
likely to involve younger (0-14 year old) pedestrians and occur in daylight during a 
weekday. As shown in table 2.6, midblock dart-out crashes comprise 4.6 percent of 
all vehicle/pedestrian crashes and have a 32 percent chance of causing serious or 
fatal injuries. 
Midblock dash: 
Vehicle/pedestrian crashes considered "midblock dash" are where the 
pedestrian is struck by a vehicle while running across the roadway (5). In this type 
of crash, the motorist's view is not obstructed. As shown in table 2.6, midblock 
dash crashes make up 8.7 percent of all vehicle/pedestrian crashes and 37 percent 
of those lead to serious or fatal injuries. A high number of pedestrians involved in 
this type of crash are younger than 14 (5). Alcohol consumption by the pedestrian 
played a factor for 45 percent of those between 20 and 64 that were struck by a 
vehicle while running across a roadway. 
Walked into vehicle at midblock: 
Vehicle/pedestrian crashes that are classified as "walked into vehicle at 
midblock" are where the pedestrian walks into a travel lane at a midblock location 
and is struck immediately after walking into the lane by a vehicle (5). Crashes 
resulting from a pedestrian walking into a vehicle at midblock make up 1.5 percent of 
all vehicle/pedestrian collisions, and 32 percent result in serious or fatal injury to the 
pedestrian, as shown in table 2.6. 
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Midblock —other: 
Crashes that fall into the "midblock —other" category are vehicle/pedestrian 
crashes which occur at non-intersection locations but do not fit any of the other 
crash types (5). Because of the wide variety of midblock crashes that can fall under 
this classification, it has the highest frequency at 10.8 percent and a higher rate of 
serious or fatal injury at 29 percent, as shown in table 2.6. Of the crashes that fall 
into this category; 6 percent are the result of the pedestrian misjudging the crossing 
gap, 9 percent due to the pedestrian standing in the roadway, 11 percent because of 
the pedestrian stepping in front of a moving vehicle, 36 percent due to the 
pedestrian walking in the roadway, and 38 percent were due to undetermined factors 
(s) 
The next section of this chapter will examine access and access 
management. It will describe some of the effects of access management techniques 
on vehicle flow and safety, and show how access management affects pedestrian 
safety. 
Access and access management: 
Access provides the ability to travel from one private property, over a public 
road or other facility, to another public or priva#e property (6}. Access can be 
defined as a connection from private property, across the right-of-way, to the edge of 
the roadway. 
Access management is the process of controlling and managing access 
between a roadway and the land development along it. This is accomplished 
through controlling the spacing and location of driveways, as well as the use of 
medians, turning lanes, traffic signals and interchanges. Access management is 
used to maintain the capacity and speed of a roadway, and to improve its safety. 
The use of access management directly improves roadway safety. This 
improvement can be attributed to improved access design, fewer traffic conflict 
locations, and increased driver response time to potential conflicts. Access 
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management also helps to preserve an existing road's carrying capacity. The 
placement of a new driveway on a road reduces that road's ability to carry traffic. As 
more and more driveways are added, it creates an increase in turning traffic 
volumes, which has a negative impact on traffic movement. Minimizing driveways 
and consolidating them, along with constructing medians and buffering parking lots 
can create a safer and more visually pleasing corridor. An additional benefit of 
access management is that having fewer access connections creates more space 
for landscaping. 
Numerous studies have shown that crashes occur with a greater frequency 
on roads with higher number of driveways and intersections. An analysis of crash 
information from eight states has found that each additional access point increases 
the crash rate by 4 percent (6}. In addition, the same study also found that median 
type played a factor. Multilane urban roads that were undivided could be expected 
to have approximately 9.0 crashes per million vehicle miles (MVM), roads with two-
way left-turn lanes (TWLTLs} could have 6.9 crashes per MVM, and those with non-
transversable medians could expect crashes of 5.6 per MVM (8). Table 2.7 shows 
the crash rate per mile per year for a segment with each of the three different 
median configurations at four different annual average daily traffic (AADT) levels. 
Two-way left-turn lanes are seen as being more flexible than raised medians 
because they separate opposing directions of traffic with a buffer space but stilt allow 
left turning movements at any location. Raised medians however, provide the 
maximum possible safety improvement (7). Studies by the Florida and Georgia 
Departments of Transportation show tf~at converting 1,000 miles of T1/VLTLs to 
raised medians reduced vehicle crashes (8). 
Table 2.7 
,Crash rate per mile per year by median type 
AADT Undivided TWLTL Raised median 
10, 000 48 39 32 
20,000 126 60 55 
30,000 190 92 78 
40, 000 253 112 85 
Source: NCHRP 420: Impacts of Access Management 
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Median type can also have an impact on vehicle/pedestrian crash rates. A 
1998 study conducted by Oregon State University shows that vehicle/pedestrian 
crash rate varies depending on a road's configuration. According to this study, a 
undivided four-lane road has a midblock crash rate of 6.69 and an intersection crash 
rate of 2.32 (9). A five-lane road with a center ~M/LTL has a midblock crash rate of 
6.66 and an intersection crash rate of 2.49 (9). And afour-lane road divided by a 
raised median has a midblock crash rate of 3.86 and an intersection crash rate of 
9.97 (9). This study by Oregon State University shows while the use of a two-way 
left-turn lane as a median does not improve pedestrian safety, even though it 
reduces vehicle/vehicle collisions. However, raised medians provide a considerable 
reduction in vehicle/pedestrian crashes. This study is supported by research from 
the Florida Department of Transportation which shows that pedestrians are at a high 
risk of being involved in a collision with a vehicle while standing in a TWLTL (7). The 
final section of this chapter will discuss how some access management measures, 
as well as other roadway design and traffic calming measures, can be used to 
improve pedestrian safety. 
Improving pedestrian safety: 
People want to be able to walk in a safe environment; they want to be safe 
both from security concerns such as crime, as well as from motor vehicle traffic. 
Sidewalks are one part of the pedestrian environment, but people walking along 
these sidewalks need to be able to cross driveways and streets. Both provide the 
potential for conflict between vehicles and pedestrians. These conflicts can cause 
injury or death for the pedestrian. There are at least four potential vehicle/pedestrian 
conflict points when a sidewalk crosses a driveway (4), and four or more conflict 
points for a pedestrian crossing afour-lane arterial. 
Six different types of improvements that can be made for reducing 
vehicle/pedestrian crashes: improving pedestrian facility design, roadway design, 
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intersection design, traffic calming, traffic management, and signal/signage. 
Pedestrian facility design focuses on the layout of the actual pedestrian travel way, 
such as a sidewalk, crosswalk, or pedestrian walkway. Roadway design is similar to 
pedestrian facility design, except that it focuses on the physical layout and design of 
the road as opposed to the sidewalk and crossing areas. Access management 
techniques such as limiting driveway density and constructing raised medians fall 
into the roadway design category. Intersection design includes use of features such 
as: roundabouts, modified T-intersections, and intersection median barriers. Traffic 
calming utilizes physical and visual features to attempt to slow down the speed of 
vehicle traffic by narrowing or giving the perception of narrowing the roadway (4). 
Traffic management uses traffic control devices such as diverters or street closures 
to control and limit the volumes and routes of vehicle traffic. Signals and signage 
are used to regulate the flow of vehicle and pedestrian traffic, as well as make 
drivers and pedestrians more aware of each other. 
Driveway density: 
Limiting driveway density or requiring greater separation between driveways 
is a roadway design improvement that provides the potential to reduce both 
vehicle/vehicle and vehicle/pedestrian crashes. The purpose of making an 
improvement such as limiting driveway density or requiring a certain amount of 
space between driveways is to reduce the number of vehicle/pedestrian conflict 
points, and improve visibility for drivers and pedestrians of each other (4). 
Driveways may cause safety problems for pedestrians because they may be 
directly adjacent to another driveway, the boundaries of the driveway may not be 
well defined, there may be visual clutter which prevents the driver from seeing the 
pedestrian, or the driver's attention may be focused on finding a gap in congested 
traffic. Possible remedies to these problems include: closing or narrowing 
driveways, converting to right-in right-out, providing a raised median on wider roads, 
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and minimizing large signs and bushes near the driveway to improve visibility 
between motorists and pedestrians. 
Driveway density or spacing requirements are best implemented during the 
initial construction of a driveway, since they minimizes the costs meeting the 
requirements, and are easier than retrofitting the driveway later. These 
requirements can be accomplished through implementing an access management 
plan or local land use policies. 
Raised Medians: 
Medians are barriers, usually raised, in the center of a road that can serve as 
a refuge for pedestrians who cross a street at midblock or intersection locations. 
Medians are most useful on high volume, high speed roads, where they serve as a 
buffer between opposing traffic flows. Medians can be used as a place for trees to 
be planted or other landscaping, which can reduce speeds by making the road 
appear narrower and changing its character (6). However, continuous medians may 
not be appropriate for every multilane road. In some cases, medians can increase 
travel speeds by decreasing the perceived friction between opposing directions of 
traffic by separating the two. They can also take up space that could have been 
used for wider sidewalks, bicycle lanes, landscaping buffer strips, or on-street 
parking. 
In order to adapt medians to situations on different roads, they can be built in 
sections to create an intermittent rather than continuous median. Wherever a 
median is built, desired turning movements need to be carefully planned for and 
provided, so that motorists are not forced to travel on inappropriate routes such as 
residential streets or that an unsafe U-turn condition is not created (8}. 
Raised medians are beneficial to pedestrians because they separate 
conflicts. A pedestrian faced with two or more lanes of traffic in each direction must 
determine a safe gap to cross four, six, or more lanes of traffic, which is a complex 
task requiring accurate decisions. Younger and older pedestrians have a more 
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difficult time judging crossing gaps compared to pedestrians of other age groups (8}. 
Pedestrians of all ages, face problems in determining crossing gaps at night. A 
pedestrian may estimate that a vehicle is 200ft away when it is only 100ft away, 
which is too close to attempt a crossing (8). Raised medians help to create more 
acceptable gaps. A 4-lane road with a center left turn lane 64ft wide (consisting of 
five 12ft lanes plus two 24in gutter pans}, takes 16 seconds for a pedestrian 
traveling at Oft per second to cross (8). This may require a pedestrian to wait five or 
ten minutes for an acceptable gap, select a less than acceptable gap, run across the 
road, or cross half way and wait in the center left turn lane, all of which places the 
pedestrian at risk. If a raised median is placed in the center, the pedestrian now 
only has to cross 26ft at a time. This requires two 8 second gaps, which are likely to 
occur more frequently, and a pedestrian may be able to find an acceptable crossing 
gap in a minute or two (8). 
Raised medians cast approximately $15,000 to $30,000 per 100ft. The cost 
depends on site conditions, if the construction of the median is part of another 
project, or if any landscaping will be done on the median. A less costly alternative to 
improve pedestrian safety is to construct crossing islands at marked crosswalks or 
other likely pedestrian crossings. Crossing islands cost between $6,000 and $9,000 
and provide the same refuge for pedestrians, but only at specific locations (10), as 
opposed to median, which may be built in certain segments of a road corridor, and 
provide refuge for pedestrians who do not cross at marked crosswalks. 
on -street parking: 
On-street parking is generally considered to be a traffic calming measure, as 
opposed to a roadway design issue. This is because on-street parking is seen as 
slowing the speed of traffic along a segment of road. fin-street parking 
accomplishes this by increasing friction to travel along the roadway by creating the 
perception that the travel lane has been narrowed (10). In addition, commercial 
areas with on-street parking are generally seen as being more pedestrian friendly. 
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an-street parking, however, creates a problem by acting as a visual barrier 
between vehicle drivers and pedestrians, blocking one's view of the other. 
Depending on the height of the pedestrian, and the type of vehicle, some 
pedestrians may not be able to see and be seen through or over the parked vehicle. 
This has the result of creating the potentia! for midblock dart-out crashes, where the 
motorist's view of the pedestrian is blocked until the moment before impact. In order 
to attempt to remedy this situation, curb extensions should be built and on-street 
parking set back from midblock crosswalks (10). This remedy does not improve the 
safety of pedestrians who cross at non-designated locations along the roadway. 
Conclusion: 
Every time that a pedestrian is required to cross a driveway or street, there is 
the potential for conflict between that pedestrian and a vehicle. These conflicts can 
cause injury or even be fatal for the pedestrian. Certain improvements to a road, 
such as a raised median, reduction in driveway density, or reductionlremoval of on-
street parking, could provide the opportunity for reducing the probability of a 
vehiclelpedestrian crash. 
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Chapter 3 —Methodology: 
This chapter will. describe data collection and analysis methods used to 
research the effect of roadway design on vehicle/pedestrian crashes. Conducting 
research involves: defining the problem, creating a hypothesis, collecting the 
necessary data, analyzing the data to test the hypothesis, and determining whether 
or not the hypothesis holds true. During the course of this chapter; the problem 
being studied, proposed hypothesis, data collected, and data analysis will be 
discussed. The statistical methods used for testing the hypothesis will also be 
introduced, and will be looked at in greater detail in chapter four. 
Problem and proposed hypothesis: 
While the safety benefits of roadway design and traffic calming measures in 
terms of improving vehicle safety are well documented, its affects on pedestrian 
safety have not been studied in detail, and as a result, are not as well known. Every 
time that a pedestrian is required to cross a driveway or street, there is the potential 
for conflict befinreen that pedestrian and a vehicle. These conflicts can cause injury 
or even be fatal for the pedestrian. Certain improvements to a road, such as a 
raised median, reduction in driveway density, or reduction/removal of on-street 
parking, could provide the opportunity for reducing the probability of a 
vehicle/pedestrian crash. 
Raised medians could provide a pedestrian refuge midway for a pedestrian 
attempting to cross a four or more lane arterial so that person would not have to find 
a gap suitable for crossing all lanes of traffic at once. This would be beneficial to a 
pedestrian both at intersections and at midblock locations. A reduction in driveway 
density could improve pedestrian safety in finro ways, by reducing the number of 
conflicts befinreen vehicles and pedestrians, and by making the roadside less 
cluttered so that drivers and pedestrians are better able to see each other before the 
conflict point. Also, reducing or eliminating on-street parking in areas with heavier 
pedestrian traffic would allow motorists and pedestrians to see each other easier. 
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Improving the line of sight between motorists and pedestrians would reduce 
midblock dart-out crashes where the pedestrian is only visible to the motorist the 
moment before impact. 
The purpose of this research project was #o determine whether certain 
changes can be made to the roadway to improve pedestrian safety by reducing 
vehicle/pedestrian crashes.. This was accomplished by testing the research 
hypothesis that four lane arterials with raised medians, lower driveway densities, and 
no on-street parking, were likely to have a lower vehicle/pedestrian crash density 
than similar four lane arterials without medians, with higher driveway densities, or 
on-street parking. 
The study area for this research is the Des Moines metropolitan area. It 
includes Des Moines, its suburbs, Ankeny, Altoona, Bondurant, and the townships 
containing these municipalities. This area was chosen because it is the most 
developed and urbanized area in Iowa. Road and crash data was available for the 
state and information for the study area was obtained from this dataset. 
Crash data was used with street information to locate vehicle/pedestrian 
crashes from previous years. This showed if certain street segments experience 
more crashes than others. By comparing these segments and their characteristics, 
and using statistical analysis, it was hoped to prove the research hypothesis as well 
as show that certain road design features and traffic calming measures can also 
benefit pedestrians. Statistical analysis was used to show if there is a connection 
between these techniques and vehicle/pedestrian crashes and the strength of the 
relationship. 
Analysis methods used: 
This study looked at the number of vehicle/pedestrian crashes on 66 different 
segments of four lane arterials in the Des Moines metropolitan area and compared 
the characteristics of those segments. Street and crash data were obtained for this 
area. The data was then analyzed both graphically and statistically to determine if 
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there is a relationship between the location of crashes and segment characteristics, 
such as; median type, driveway density, presence of on-street parking, speed limit, 
Average Annual Daily Traffic (AADT) volume, vehicle and pedestrian trip generation 
due to land use, as well as special land use features such as a school or hospital. 
This showed if the research hypothesis can be supported, rejected, or if further 
studies are needed. 
Two Geographic Information System (GIS) software programs, ArcView 3.3 
and ArcGIS 8.2, have been used during the course of this study. These programs 
allowed the data to not only be viewed in a graphic format but to also be queried to 
show useful information. This means that the vehicle/pedestrian crashes could be 
easily located from all the vehicle crashes and separated for easier analysis. 
Likewise, ail of the four lane arterials in the Des Moines metro could be mapped and 
the other streets excluded. GIS software also allows far the user to look at the data 
associated the graphic information, in this case vehicle/pedestrian crashes on four 
lane arterials. An example of this would be descriptive data regarding the amount of 
traffic on a particular arterial. 
SPSS, a statistical software package, was used for analysis of the information 
obtained using the GIS programs. The relevant information was first put into a 
database using Microsoft Excel. The database was then imported into SPSS. 
Through SPSS an appropriate statistical model was created to represent the 
relationship between the dependent variable and the independent variables. 
Data collection: 
GIS information for this study was obtained from the Iowa Department of 
Transportation (DOT) through the Center for Transportation Research and 
Education. This data included: town and township boundaries, street location and 
descriptive characteristics, and crash location and characteristic information for ten 
years from 1991 to 2000. Street segments selected for this study were driven on 
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January 30th, 2004 and visually documented to validate that the information 
contained in the GIS database was accurate. 
Driveway density was determined using 2002 Color Infrared (CIR) aerial 
photographs obtained from the Iowa Department of Natural Resources. Using 
ArcView and ArcGIS, these aerial photographs were used to count and document 
the number of driveways on each segment. 
A second visual survey of the segments selected for this study was 
conducted on April 2"d, 2004 to determine which segments had on-street parking. 
Using GIS to determine crash location and study segments: 
The original GIS data included municipal, road, and crash data for the whole 
State of Iowa. As a result, the first step was to define the project area and sort out 
the relevant data for that area. This was accomplished by using ArcView and 
ArcGIS to select the Des Moines metropolitan area from the municipal boundaries 
data. Figure 3.1, shows the selected municipalities and townships that make up the 
study area. 
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Next, road and crash data fc~r those locations inside the study area needed to 
be sorted from the Barger database. It was decided to look at midblock locations on 
4-lane arterials because according to statistics from the National highway Traffic 
Safety Administration (NI•-I1TSA), over 50 percent of vehicle pedestrian collisions 
occur on principals arterials in ~~rban areas (1), and in 2001, 79 percent of 
vehicle/pedestrian crashes took place at midblock locations. The sorting of road and 
crash data was accomplished by using the boundaries of the Des f~~f~~ines metro area 
to select road features or crash features that would be contained within those 
boundaries. By doing this, information for roads and crashes outside the study area 
were excluded and the resulting information is more relevant and manageable. 
Because this study focuses on vehicle/pedestrian crashes, it was necessary 
to determine which crashes involve both. The crash data obtained contains 
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vehicle/vehicle, vehicle/pedestrian, and vehicle/property crashes. In Arcview, a 
"query" was used on a particular attribute field. This query finds all of the entries in 
the database that met the requirements of the query (11). It was then possible to 
create a new database of only the vehicle/pedestrian crashes. Streets in the Des 
Moines metropolitan area that are 4-lane arterials were located using a similar 
query. By running the query on the attribute field describing the number of lanes on 
a particular road, Arcview or ArcGiS located all the roads with number of lanes 
specified. Figure 3.2, shows 4-lane and 2-lane arterials in the study area, it also 
shows the type of median on the 4-lane arterials. 
Figure 3.2 -- Location of 4-lane arterials in the study area 
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With the location of four lane arterials and vehicle/pedestrian crashes in the 
Des Moines metro determined it was then necessary to find which of the crashes 
occurred on four lane arterials, as opposed to a two or three lane arterial, collector or 
a local street. And, to determine which of those crashes occurred at a "midblock" 
location. In order to accomplish the first part of this, the location attribute of the four 
lane arterials was used to sort out the vehicle/pedestrian crashes that occurred on 
the arterials. A "buffer" was established during the selection process to capture 
crash points that may not have been exactly on the road line. A buffer is an area 
that is defined around a particular object that can be used to include or exclude other 
objects, or in this case, events that occurred within the specified distance (12}. For 
the purposes of this project, a buffer equal to the size of a road right-of-way was 
used. once all the crashes that occurred along the arterials were located, it was 
possible to determine which of these were at midblock as opposed to intersection 
locations. This was accomplished using a query on the attribute for the location of 
crash field. This field contains data on the location of the crash within the road right-
of-way, and described whether or not it was at an intersection. The value queried 
described non-intersection locations with no special features (such as a viaduct, or 
railroad crossing). 
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As shown ~~n figure 3.3, most vehicle/pedestrian crashes tf~a~t: occur on four 
lane arterials at midblock I®cations occurred within the boundaries of the City of des 
I~lloines; this is also where a majority of the four lane arterials are undivided, higher 
driveway densities and on-street parking. Figure 3.4, shows two segments in 
particular that have a high number of vehicle/pedestrian crashes. These are: 6t" 
Avenue between university Avenue and Hickman Road, which is marked by the 
number one in figure 3.4; and university Avenue between 28t" Street and ~lartir~ 
Luther I~Cing .fir. Parkway, which is marked by the number two on figure 3.4. 
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Figure 304 —Location of segments with high numbers of vehicle/pedestrian 
crashes 
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Four lane arterials were divided into 1 to 2 mile segments for analysis 
purposes, this distance being the length of the arterial between cross arterials or 
collectors with signalized intersections. Segments containing vehicle/pedestrian 
crashes were then selected along with segments that had no vehicle/pedestrian 
crashes. A database was then created in excel which describe these segments and 
contained information regarding values for all the variables for each segment. 
Data analysis: 
The overall purpose of data analysis is to determine if the data supports, or 
rejects the given hypothesis, or if additional research is needed in the future to make 
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a determination. In all scientific studies, there are different variables, which have an 
effect on each other. These variables can be broken up into two types; dependent 
and independent. A dependent variable is a variable that can be and is affected by 
the other variables involved in a study (13}. One of the reasons for using statistics in 
a scientific study is to measure how a dependant variable is affected. An 
independent variable is a variable that, for the purposes of the study is not affected 
by any of the other variables involved in the study. 
In order to examine the affect of roadway design and traffic calming measures 
on vehicle/pedestrian crashes, data was collected on ten different variables. These 
variables were selected because they can be changed to improve pedestrian safety 
easier than variables dealing directly with the environment, motorist, or pedestrian. 
The ten variables are: number of crashes, number of lanes, whether or not there 
was a raised median, whether there was acentertwo-way left-turn lane, if there was 
on-street parking, the number of driveways, speed limit, annual average daily traffic 
(AADT), segment length, and land use. For the purposes of testing to see if 
roadway features influenced vehicle/pedestrian crash rates, the crash density per 
segment was selected as the dependent variable. All of the other variables were 
used as independent variables and their influence on the number of crashes per 
segment was looked at. 
Data for all of the variables for each segment used in this study was entered 
into a spreadsheet created in Microsoft Excel. Variables can have one of three 
different levels of measurement; scale, ordinal, or nominal. Variables with a scale 
value contain numeric values which are based on an interval or ratio scale (14). An 
example of a variable using a scale value would be the number of lanes. Ordinal 
value variables represent categories that have an intrinsic order (14). For this study, 
ordinal variables were used to measure the affects of land use on vehicle/pedestrian 
crashes for a particular segment. To accomplish this, land use was looked by the 
amount of vehicle and pedestrian trips it generated. Each segment was assigned a 
points value based on the land use and if there were any special features present. 
The total points possible range from zero to ten, with zero representing no trips 
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generated, and ten the highest amount of trips generated. Figure 3.5 shows the 
points assigned based on each land use as wel! as additional points added for 
special land uses in a segment. These points are based upon the trip generation 
potential of different property types outlined in the Federal Highway Administration's 
Trip Generation Analysis (15}. Variables with a nominal value are used to represent 
categories that do not have any intrinsic order (14}. Variables with nominal values in 
this study include: if there is a raised median, two-way left-turn lane, or on-street 
parking. The two categories which a segment could fall into being "yes" the segment 
contained that particular roadway feature, or "no" it did not. The number one was 
used in the spreadsheet to represent "yes" cases and the number zero to represent 
"no" cases. 
Table 3.5 
Tri ~s ~ enerated b •e o~ land use 
Land use Trips generated 
Vehicle Pedestrian 
Single family residential 
Multi-family residential 
Small business non-retail 
Small business retail 
Large business non-retail 
Large business retail 
Small industry 
Lar• a Indust 
1 
2 
3 
4 
5 
6 
3 
4 
2 
2 
2 
3 
1 
1 
1 
0 
Special land uses 
Hospital 
Large park 
School 
Strip mall 
Mall 
2 
1 
2 
3 
5 
0 
2 
3 
1 
1 
Two of the variables involved in this study counted the number of items or 
events per segment, these variables are: number of vehicle/pedestrian crashes, and 
number of driveways. Because the data associated with these variables could be 
influenced by the size of each segment, and the size of each segment was not 
constant, these two variables were normalized. Normalization is the process of 
converting a category of data to a constant measure so that items in the category 
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can be compared easily (14). For this study, variables were converted from the 
number of cases per segment to the density of cases that occurred per mile in each 
segment. The resulting crash and driveway densities eliminated the bias that would 
have been created by having longer and shorter segments. This allows all the 
segments in this study to be compared equally. 
Statistical Analysis: 
Once the data was prepared, the excel spreadsheet was imported into SPSS, 
so that a statistical model could be developed. This statistical model took the form 
of a multiple regression equation, and showed the combined effects of all relevant 
independent variables on the dependent variable, which in this study is 
vehiclelpedestrian crash density. Before a multiple regression equation was created 
though, other statistical analyses were run in order to determine how the variables 
were related and interacted with each other. 
The first step was to run a bivariate correlation analysis; this showed the type 
and strength of relationship between variables. This generated a correlation 
coefficient, which will be at its maximum when a relation is strong and minimum 
when a relation is weak (16). The relationship between each of the independent 
variables and the dependent variable, crash density, is important for this study. 
Second, a curve estimation was run in order to determine the best curve model for 
calculating the effects of each independent variable on the crash density. The curve 
with the highest R squared value most accurately represents the relationship 
between the dependent and independent variable (16). The best model was then 
used in the multiple regression equation to determine combined effects of all the 
independent variables that are a factor. A Simple linear regression was run in order 
to see how all of the variables affect the crash density and which variables are 
significant. A stepwise linear regression was also run in order to determine the 
affects of the significant variables. Stepwise regression removes all but the 
significant variables (17). 
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From the results of these analyses, a multiple regression that represents the 
combined effects of all relevant and significant variables was created. Relevant 
variables were determined by the strength of the relationship between the 
independent variables and the dependent variable. Each of the independent 
variables performance in the linear regression and stepwise models was also a 
determining factor as to whether or not it was used in the final multiple regression 
equation. 
The next chapter will describe the correlation analysis, curve estimation, 
linear regression, and stepwise regression in detail. It will also look at the results of 
each step and the implications of the results. The chapter will then cover the 
creation of the multiple regression equation that expresses the relationship between 
the independent variables and the dependent variable. 
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Chapter 4 —Descriptive statistics: 
This chapter will look at the data obtained during the course of this study that 
contains information regarding the sample. This information, called descriptive 
statistics, is used to summarize or describe characteristics of a sample (16). These 
statistics were used in this study as a base to develop the regression model which 
explains the relationship between the relevant variables. The statistics examined in 
this study can be broken up into three categories: vehicle/pedestrian crash statistics, 
roadway statistics, and land use statistics. Vehicle/pedestrian crash statistics 
includes information on the number of crashes per segment, and the crash density 
per segment. Crash density per segment was selected as the dependent variable 
since it takes into account the length of the segment and normalizes the number of 
crashes so that road segments of different lengths can be compared. Information 
classified as roadway statistics include: number of lanes, whether or not there is a 
median, if there is a two-way left-turn lane, whether on-street parking is allowed, 
number of driveways, driveway density, speed limit, average annual daily traffic 
(AADT) volume, and segment length. Land use statistics attempts to look at the 
effect of land use on trip generation and its affect on vehicle/pedestrian crashes. 
This is accomplished by using a scale to rate the vehicle and pedestrian trip 
generation ability of each segment. It also looks at if there are any pedestrian 
generators, such as a school, that would create additional pedestrian traffic, present 
along the segment. 
Table 4.1 shows the minimum and maximum values for each of the variables 
for which statistics were obtained. This shows the range of acceptable values for 
each segment that a descriptive statistic could fall between. The crash density and 
driveway density show the number of crashes and driveways divided by the length of 
the segment in order to normalize these values into number of cases per mile. 
Average annual daily traffic, or AADT, represents the average number of vehicles on 
a segment per day and can be used as a measure of traffic volume. Table 4.1 also 
shows the mean or mode for each of the variables listed. A mode value was listed 
35 
for characteristics that were either a "yes/no", such as whether there is a raised 
median, and for characteristics rating the number of trips generated. 
Table 4.1 
Des Moines vehicle/pedestrian crash. variable summary 
Minimum value Maximum value Mean or mode value ~, 
Number of crashes 0 20 2.30 
Crash density (per mile) 0 20 2.88 
Number of lanes 4 6 4 
Median No Yes No 
TWLTL No Yes No 
On-street parking No Yes No 
!Number of driveways 5 101 37.92 
Driveway density (per mile) 5 104.08 45.89 
Speed limit 25 45 35 
Average annual daily traffic 11,200 34,300 18,5fi2 
Segment length 0.25 1.89 0.85 
Vehicle traffic generated 1 10 4 
Pedestrian traffic generated 1 6 3 
School No Yes 0 
Hospital No Yes No 
Vehicle/pedestrian crash statistics: 
This study includes 66 segments of four-lane arterial roads from the Des 
Moines metropolitan area. Vehicle/pedestrian crashes from 1991 through 2001 
were collected from the Iowa Department of Transportation's crash database. From 
these crashes, those that occurred on four-lane arterials and at non-intersection 
locations were selected. This is based on the police officer's judgment as to the 
location of the crash. The total number of vehicle/pedestrian crashes over this 10-
year period range from a low of zero to a high of 20. The segment with the highest 
number of crashes during this time was 6th Street between University Avenue and 
Hickman Road, which had 20 vehicle/pedestrian crashes. The segment with the 
next highest number of vehicle/pedestrian crashes was Merle Hay Road between 
Meredith Drive and Douglas Avenue, with eight crashes. Seven vehicle/pedestrian 
crashes was the third highest value, these crashes took place on a segment of SW 
stn Street, between Clifton and Park Avenues. A number of segments had six, four, 
~~ 
three, two, and one vehicle/pedestrian crash during the 10-years of crash data 
examined. Table 4.2 shows the number of crashes for each segment included in the 
study. 
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Table 4.2 
Segment crash characteristics 
Road Segment # of Crashes Crash density (per mite) 
Army Post Rd Fleur Dr to SW 9th St 3 3.00 
SW 9th St to SE 5th St 2 2.00 
SE 5th St to SE 14th St 4 8.00 
Ashworth Rd 35th St to 22nd St 1 1.23 
22nd St to 8th St 1 0.83 
8th St to 63rd St 0 0.00 
DouglasJEucid Av 100th St to 86th St 0 0.00 
86th St to 70th St 1 0.8 
70th St to Merle Hay Rd 0 0.00 
Merle Hay Rd to Beaver Av 2 1.96 
Beaver Av to Lower Beaver Rd (30th St) 0 0.00 
30th St to Martin Luther King Dr 2 4.87 
Martin Luther King Dr to 6th St 3 2.14 
6th St to 2nd Av 1 4.00 
2nd Av to E 14th St 2 2.00 
Fleur Dr Park Av to McKinley Av 1 1.00 
McKinley Av to Army Post Rd 0 0.00 
Grand Av E.P. True Pkwy to 8th St 1 0.71 
8th St to 63rd St 0 0.00 
63rd St to 56th St 1 2.04 
56th St to 42nd St 0 0.00 
42nd St to 31st St 1 1.28 
31st St to 28th St 0 0.00 
28th St to MLK 0 0.00 
Hickman Rd 100th St to 86th St 0 0.00 
86th St to 73rd St ~ 1 1.08 
73rd St to 63rd St 1 1.33 
63rd St to 56/55th St 0 0.00 
56/55th St to 42nd/41 st St 1 0.95 
42nd/41 st St to 30th St 1 1.33 
30th St to MLK 2 3.23 
MLK to 6th St 3 2.68 
Indianola Av SE 1st St to SE 6th St 3 3.13 
SE 6th St to SE 14th St 2 3.23 
Ingersoll Av 42nd St to 31st St 3 3.9 
31st St to 28th St 3 12.00 
28th St to MLK 0 0.00 
Merle Hay Rd Meredith Dr to Douglas Av 6 6.00 
Douglas Av to Hickman Rd 8 8.00 
Martin Luther King Jr Dr Douglas Av to Hickman Rd 1 1.06 
University Av 50th St to 35th St 2 2.00 
35th St to 22nd St 0 0.00 
73rd St to 63rd St 1 1.37 
63rd St to 56th St 4 7.27 
56th St to 42nd St 4 4.12 
42nd St to 31st St 6 7.79 
31st St to 28th St 2 8.00 
28th St to MLK 6 10.34 
MLK to 6th Av 6 6,67 
6th St to 2nd Av 0 0.00 
2nd Av to E 14th St 6 6.12 
86th St Meredith Dr to Douglas Av 0 0.00 
Douglas Av to Hickman Rd 0 0.00 
Hickman Rd to University Av 0 0.00 
6th St Douglas Av to Hickman Rd 2 2.38 
Hickman Rd to University Av 20 20.00 
2nd Av Douglas Av to University Av 4 2.12 
SW 9th St Clifton Av to Park Av 7 6.25 
Park Av to McKinleyAv 3 3.00 
McKinley Av to Army Post Rd 1 1.00 
E 14th St NE 54th St to Broadway 1 1.00 
Broadway to DouglasJEuclid Av 2 1.79 
DouglasJEucid Av to Guthrie Av 3 3.41 
Guthrie Av to University Av 6 6.00 
Indianola Av to McKinley Av 4 4.55 
McKinley Av to Army Post Rd _ 1 1.00 
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Each segment was created by the signalized intersections along the arterial 
where other arterials or collectors cross the road, which results in not all of the 
segments being the same length. In order to adjust for this and so that the number 
of vehicle/pedestrian crashes can be compared, the number of crashes were 
normalized using the segment length. This was accomplished by dividing the 
number of crashes per segment by the length of that segment, giving the density of 
vehicle/pedestrian crashes per mile for that segment. The result was some 
segments had a higher or lower crash density than their number of crashes 
depending on if the segment was shorter or longer than a mile in length. Table 4.2 
lists the density of crashes for each segment. The segment with the highest crash 
density was 6th Street between University Avenue and Hickman Road, which had a 
vehicle/pedestrian crash density of 20 crashes per mile. University Avenue between 
28th Street and Martin Luther King Jr. Parkway had the second highest crash 
density, with 10.34 crashes per mile. A number of segments with high crash 
densities were on University Avenue, as shown on table 4.2. 
Roadway statistics: 
Nine different characteristics were collected to describe each road segment. 
These characteristics are: number of lanes, whether there is a median, if there is a 
two-way left-turn lane, if there is on-street parking, number of driveways, driveway 
density, speed limit, AADT, and segment length. All of these characteristics, except 
for the length of the segment, have an affect on a pedestrian's ability to walk across 
or along the segment safely. Segment length was used to normalize the number of 
driveways, as it was used on the number of vehicle/pedestrian crashes, since the 
segments may have different lengths. Normalizing the number of driveways to 
driveway density, allows for this characteristic to be compared between segments of 
different lengths. 
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le 4.3 
S`egment roadway characteristics 
Road Segment # of lanes Median TWLTL On street parking # of Driveways Driveway density Speed Limit AADT Segment lerx~th 
Army Post Rd Fleur Dr to SW 9th St 4 0 0 0 
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70.00 35 22300 1.00 
SW 9th St to SE 5th St 4 0 0 0 39.00 40 24800 1.00 
SE 5th St to SE 14th St 4 1 0 0 24.00 40 23500 0.50 
Ashworth Rd 35th St to 22nd St 4 0 0 0 43.21 35 11200 0.81 
22nd St to 8th St a o 0 0 57.50 35 12900 1.20 
8th St to 63rd St 4 0 0 0 79.59 35 12900 0.49 
Doug{as/EuGid Av 100th St to 86th St 4 1 0 0 7.00 45 16100 1.00 
86th St to 70th St 4 1 0 0 30.40 30 22800 1.25 
70th St to Merle Hay Rd 4 1 0 0 35.14 30 18900 0.74 
.Merle Hay Rd to Beaver Av 4 0 0 0 51.96 35 16900 1.02 
Beaver Av to Lower Beaver Rd (30th St)~ 4 0 0 0 43.00 35 19000 1.00 
30th St to Martin Luther King Dr 4 0 0 0 39.02 35 22300 0.41 
Martin Luther King Dr to 6th St 4 1 0 0 65.71 35 21300 1.40 
6th St to 2nd Av 5 0 1 0 32.00 30 22200 0.25 
20900 2nd Av to E 14th St 4 0 0 0 45.00 35 1.00 
Fleur Dr Park Av to McKinley Av 4 1 0 0 37.00 40 24500 1.00 
McKinley Av to Army Post Rd 4 1 0 0 18.10 40 24500 1.05 
Grand Av E.P. True Pkwy to 8th St 4 0 0 0 48.57 30 12100 1.40 
8th St to 63rd St 4 0 0 0 104.08 35 18100 0.48 
63rd St to 56th St 5 0 1 0 57.14 30 11700 0.49 
56th St to 42nd St 4 0 0 0 56.70 30 12400 0.97 
42nd St to 31st St 4 0 0 0 42.31 30 14500 0.78 
31st St to 28th St 4 0 0 0 52.00 30 14500 0.25 
28th St to MLK 4 0 0 0 70.00 30 14500 0.50 
Hickman Rd 100th St to 86th St 4 1 0 0 5.00 45 24300 1.00 
86th St to 73rd St 4 1 0 0 9.68 40 25700 0.93 
73rd St to 63rd St 4 1 0 0 30.67 35 23800 0.75 
63rd St to 56/55th St 4 0 0 0 36.36 35 22500 0.55 
56J55th St to 42nd/41 st St 4 0 0 0 79.05 35 17100 1.05 
42nd/41 st St to 30th St 4 0 0 0 49.33 35 11900 0.75 
30th St to MLK 4 0 0 0 74.19 35 14800 0.62 
MLK to 6th St 4 0 0 0 33.93 35 10200 1.12 
{ndianola Av SE 1st St to SE 6th St 4 0 0 0 56.25 30 17000 0.96 
SE 6th St to SE 14th St 4 0 0 0 43.55 30 13700 0.62 
Ingersoll Av 42nd St to 31st St 4 0 0 1 64.94 30 13600 0.77 
31st St to 28th St 4 0 0 1 84.00 30 14000 0.25 
28th St to MLK 4 0 0 1 58.00 30 14600 0.50 
Merle Hay Rd Meredith Dr to Douglas Av 4 1 0 0 24.00 35 25900 1.00 
Douglas Av to Hickman Rd 4 0 0 0 55.00 35 23400 1.00 
Martin Luther King .Douglas Av to Hickman Rd 4 1 1 0 72.34 35 19400 0.94 
University Av 50th St to 35th St 4 1 0 0 18.00 35 20500 1.00 
35th St to 22nd St 4 1 0 0 16.05 35 21800 0.81 
73rd St to 63rd St 4 0 0 0 60.27 25 13100 0.73 
63rd St to 56th St 4 0 0 0 76.36 30 14200 0.55 
56th St to 42nd St 4 0 0 0 47.42 30 13500 0.97 
42nd St to 31st St 4 0 0 0 71.43 30 11600 0.77 
31st St to 28th St 5 0 1 1 52.00 30 14200 0.25 
28th St to MLK 5 0 1 1 36.21 30 14200 0.58 
MLK to 6th Av 4 0 0 0 46.67 30 14200 0.90 
6th St to 2nd Av 4 0 0 0 45.16 35 15000 0.31 
2nd Av to E 14th St 5 1 0 0 30.61 35 19300 0.98 
86th St Meredith Dr to Douglas Av 4 0 1 0 9.00 35 22000 1.00 
Douglas Av to Hickman Rd 4 1 0 0 15.00 35 24100 1.00 
Hickman Rd to University Av 5 1 1 0 29.00 30 30800 1.00 
6th St Douglas Av to Hickman Rd 5 0 1 0 34.52 30 14600 0.84 
Hickman Rd to University Av 5 0 1 1 42.00 34 15500 1.00 
2nd Av Douglas Av to University Av 4 0 0 0 53.44 30 15000 1.89 
SW 9th St Clifton Av to Park Av 4 0 0 0 44.64 35 24700 1.12 
Park Av to McKinleyAv 4 0 0 0 73.00 30 17100 1.00 
McIGn{ey Av to Army Post Rd 4 0 0 0 63.00 35 17500 1.00' 
E 14th St NE 54th St to Broadway 4 1 0 0 19.00 45 23000 1.00 
Broadway to DouglaslEuclid Av 4 1 0 0 35.71 35 20100 1,12 
Douglas/EuGid Av to Guthrie Av 4 1 0 0 51.14 35 21400 0.88 
Guthrie Av to University Av 4 0 0 0 ~ 70.00 35 21400 1.00 
Indianola Av to McKinley Av 4 1 0 0 43.18 40 34300 0.88 
McKinley Av to Army Post Rd 4_ 1 0 0 23.00 40 25500 1.00 
The number of lanes on segments examined for this study range from four to 
six. While all of the road segments had four through traffic lanes, some had an extra 
lane in the center of the road for left turning movements, and one road had two extra 
lanes for parallel parking. Three other road characteristics were looked at in terms 
of "yes" or "no". These characteristics are: whether or not there is a median, if there 
is a two-way left-turn lane, and if there is on-street parking. A majority of the four 
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lane arterials within the City of Des Moines are undivided, shown in table 4.3, 
meaning there is only adouble-yellow line between the lanes of oncoming traffic. 
Four-lane arterial segments with either a raised median or a two-way left turn lane 
(TWLTL) are more common in the suburbs. Outside of Des Moines downtown, 
which was excluded from this study, there are few four-lane arterials in the 
metropolitan area with parking allowed on the street. The downtown area was 
excluded from this study since a majority of the roads are one-way, and it would be 
difficult to construct a raised median on these segments. There are also skywalks in 
the downtown for pedestrians to use. Table 4.3 shows that segments with on-street 
parking include: 6th Ingersoll Avenue, University Avenue between 31St Street and 
Martin Luther King Jr. Parkway, and 6th Street between University Avenue and 
Hickman Road. The number of lanes affects how many conflict points there is for a 
pedestrian crossing a road. Each lane a pedestrian has to cross exposes that 
pedestrian to a potential conflict with a vehicle, having to cross more lanes increases 
that potential. Figure 4.4 shows afour-lane road with acenter TV1/LTL, this extra 
lane offers no protection for the pedestrian and increases the distance the 
pedestrian needs to find a gap to cross. A median serves as a refuge for crossing 
pedestrians in the middle of a road that breaks up the crossing and allows the 
pedestrian to find two smaller gaps as opposed to one large one. On-street parking 
acts as a barrier between pedestrians and motorists, blocking one's line of sight of 
the other. Figure 4.5 shows how it would be difficult for a motorist to see a 
pedestrian who wanted to cross at midblock due to the vehicles parked along the 
curb. Areas with on-street parking may experience more midblock dart-out type 
crashes. 
~~ 
Figure 4.5 — On-stree$ ~~~~o~~ ®n 11r~a~~►~~it~ Avenue in Deg '~1~;~~=3s 
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The number of driveways on a study segment range from five driveways on a 
segment of Hickman Road between 100th Street and 86th Street, to 101 driveways 
on 2nd Avenue between University Avenue and Euclid Avenue. These values were 
normalized by dividing the number of driveways along each segment by the length of 
that segment. This allows the number of driveways on segments of different lengths 
to be compared as a driveway density, or the number of driveways per mile along 
that segment. Hickman Road between 100th Street and 86th Street had the lowest 
driveway density of all segments in this study with five driveways per mile. Grand 
Avenue between 63~d Street and 56th Street had the highest driveway density with 
104.08 driveways per mile. Similar to the effect of lanes when a pedestrian is 
crossing the road, each driveway presents the opportunity for conflict between a 
vehicle and pedestrian for pedestrians walking along a road . Roads with more 
driveways and a higher driveway density have an offer an increased potential for a 
conflict to occur. 
As shown on table 4.1, the lowest speed limit on a four-lane arterial segment 
in this study is 25mph and the highest is 45mph. The mast common speed limit on 
the segments in this study is 35mph, with 30mph being the second most common 
value. Table 4.1 also shows the lowest, highest, and average annual daily traffic 
(AADT) for segments included in this study. AADT is a measure of traffic volume 
and can be used in a safety study such as this to show exposure. The lowest AADT 
in the study area is 11,200 vehicles, the highest is 34,300 vehicles, and the average 
is 18,562 vehicles. Both speed limit and AADT offer an indicator of how difficult it 
would be for a pedestrian to cross a particular segment. 
Land use statistics: 
Land use is another factor that may play a role in vehicle/pedestrian crashes 
and can be influenced by planning decisions, although less so than the roadway 
design. Every land use generates a number of trips to and from it. The number of 
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trips generated can vary depending on the type of land use and the density (15). 
Land use may also generate different volumes of vehicle and pedestrian trips. for 
example, a mall or large box store may generate a high number of vehicle trips while 
a very low number of pedestrian trips, while a school may generate a large number 
of pedestrian trips. in order to measure the potential for land use along a segment 
to generate vehicle and pedestrian trips, a 10-point scale was created to rate the 
ability for different uses of land to generate trips. The numerical value assigned to 
each land use is based on the trip generation potential for that type of use, as 
outlined in the Federal Highway Administration's (FHWA) Trip Generation Analysis 
(15). As shown in table 3.5 (chapter 3), a value a numerical value has been 
associated with a land use's ability to generate both vehicle and pedestrian trips. 
Zero is the lowest possible value on this scale; it implies that no trips of that type are 
generated by a particular land use. Ten is the highest value, implying that type of 
land use generates the most trips. Table 4.6 shows the number assigned to each 
segment based on their potential to generate vehicle and pedestrian trips. It also 
lists whether a feature such as a school, which may generate additional pedestrian 
traffic, is along that segment. 
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Table 4.6 
Trip generation per segment 
Trip generation 
Road Segment Vehicle 
Special features 
Pedestrian School Hospital 
Army Post Rd Fleur Dr to SW 9th St 3 3 0 0 
SW 9th St to SE 5#h St 3 3 0 0 
SE 5th St to SE 14th St 9 3 0 0 
Ashworth Rd 35th St to 22nd St 3 5 0 0 
22nd St to 8th St 1 2 0 0 
8th St to 63rd St 1 2 0 0 
DouglasJEuclid Av 100th St to 86th St 4 1 0 0 
86th St to 70th St 7 3 0 0 
70th St to Merle Hay Rd 9 4 0 0 
Merle Hay Rd to Beaver Av 5 5 1 0 
Beaver Av to Lower Beaver Rd (30th St) 1 2 0 0 
30th St to Martin Luther King Dr 4 3 0 0 
Martin Luther King Dr to 6th St 4 3 0 0 
6th St to 2nd Av 4 3 0 0 
2nd Av to E 14th St 9 4 1 0 
Fleur Dr Park Av to McKinley Av 1 2 0 0 
McKinley Av to Army Post Rd 10 3 0 0 
Grand Av E.P. True Pkwy to 8th St 8 6 1 0 
8th St to 63rd St 4 2 0 0 
63rd St to 56th St 4 2 0 0 
56th St to 42nd St 3 5' 1 0 
42nd St to 31st St 1 2 0 0 
31st St to 28th St 2 2 0 0 
28th St to MLK 2 2 0 0 
Hickman Rd 100th St to 86th St 3 1 0 0 
86th St to 73rd St 6 1 0 0 
73rd St to 63rd St 7 4 0 0 
63rd St to 56/55th St 3 3 0 0 
56155th St to 42nd/41st St 1 2 0 0 
42nd/41st St to 30th St 1 2 0 0 
30th St to MLK 4 6 1 0 
MLK to 6th St 3 4 0 1 
Indianola Av SE 1st St to SE 6th St 1 2 0 0 
SE 6th St to SE 14th St 9 6 1 0 
1 ngersoll Av 42nd St to 31st St 4 3 0 0 
31st St to 28th St 4 3 0 0 
28th St to MLK 4 3 0 0 
Merle Hay Rd Meredith Dr to Douglas Av 10 1 0 0 
Douglas Av to Hickman Rd 4 3 0 0 
Martin Luther King .Douglas Av to Hickman Rd 1 4 0 1 
University Av 50th St to 35th St 5 1 0 0 
35th St to 22nd St 10 2 0 0 
73rd St to 63rd St 3 2 0 0 
63rd St to 56th St 3 5 1 0 
56th St to 42nd St 1 2 0 0 
42nd St to 31st St 4 3 0 0 
31st St to 28th St 1 3 0 0 
28th St to MLK 8 6 1 0 
MLK to 6th Av 1 2 0 0 
6th St to 2nd Av 5 4 0 1 
2nd Av to E 14th St 5 3 0 1 
86th St Meredith Dr to Douglas Av 2 3 0 0 
Douglas Av to Hickman Rd 8 3 0 0 
Hickman Rd to University Av 7 4 0 0 
6th St Douglas Av to Hickman Rd 4 5 1 0 
Hickman Rd to University Av 2 3 0 0 
2nd Av Douglas Av to University Av 3 2 0 0 
SW 9th St Clifton Av to Park Av 3 4 1 0 
Park Av to McKinleyAv 4 3 0 0 
McKinley Av to Army Post Rd 4 5 1 0 
E 14th St NE 54th St to Broadway 3 1 0 0 
Broadway to Douglas/Euclid Av 4 3 0 0 
DouglaslEuclid Av to Guthrie Av 5 4 1 0 
Guthrie Av to University Av 1 2 0 0 
Indianola Av to McKinley Av 9 1 0 0 
McKinley Av to Army Post Rd 6 1 _ 0 0 
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Certain segments have the potential to generate many more vehicle trips than 
others, as shown in figure 4.6. The segments that have the potentia! to generate the 
most vehicle trips are: Douglas, between lot" Street and Merle Hay Road; Euclid 
between 6t" Street and 2"d Avenue; Indianola, between SE 6t" Street and SE 14th
Street; Merle Hay, between Meredith Drive and Douglas Avenue; University, 
between 35t" Street and 22"d Street; and E 14t", between Indianola Avenue and 
McKinley Avenue. All of these segments have large box retail stores and a mall or 
strip mall along them, which leads to a large number of vehicles moving in and out of 
the segment. 
The potential for a segment to generate pedestrian trips was ranked the same 
way. The ability for a land use to generate pedestrian trips however may be greater 
or less than its ability to generate vehicle trips. Segments with a high rating in 
vehicle trip generation may have a low rating in pedestrian trip generation. The 
opposite can also be the case; some segments have a higher rating for generating 
pedestrian trips than for vehicle trips. Looking at figure 4.6, we can see that this is 
usually the case in segments that have a school along them. 
Trip generation was used as a method to determine if land use is a factor in 
vehicle/pedestrian crash location. It shows if there is a greater chance for a crash 
involving a pedestrian due to more vehicles or pedestrians accessing certain types 
of land use. 
Chapter five will describe how these statistics are used to develop the 
regression model that expresses the relationship between the different variables 
involved in this study. 
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Chapter 5 —Inferential statistics: 
Inferential statistics are used to make generalizations from a sample 
regarding the relationship between the criterion, or dependent variable, and the 
predictors,_ or independent variables (16). Inferential statistics can also be used to 
make estimates or predictions based on the relationship between the variables 
involved. Cane farm of inferential statistics is multivariate regression analysis, which 
is used in this study. Multivariate regression is a technique that assesses the 
relationship between a criterion and two or more predictors (16}. Since multivariate 
regression can measure the impact of more than one independent variable on the 
dependent variable, and vehicle/pedestrian crashes are the result of more than one 
factor, multivariate regression will be used to test the hypothesis. The hypothesis 
for this study is that 4-lane arterial roadways with design features such as; lower 
driveway densities, raised medians, and no on-street parking will have lower 
vehicle/pedestrian crash densities than 4-lane arterials without these features and 
located in the same geographic area. A regression model will test this hypothesis 
by examining the relationship between crash density, the criterion, and the different 
predictors. 
This chapter will describe the steps used to develop a multivariate regression 
equation that expresses the relationship between the criterion, or dependent 
variable, and the major predictors or independent variables. 
Correlations: 
The first step in developing a regression model that expresses the 
relationship befinreen the criterion and predictors was to determine the type and 
strength of the relationship befinreen each independent variable and the dependent 
variable. This can be accomplished using correlation analysis. Correlation analysis 
involves measuring the closeness of the relationship between two or more variables 
(18). The result is a correlation coefficient, which gives the direction and magnitude 
of the association between the variables. The correlation coefficient will be at a 
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maximum of one or negative one when the relationship is strongest and reduces to a 
minimum of zero as the relationship weakens. The correlation coefficient can have a 
positive or negative value depending on the direction of the relationship (16). 
The correlation between the dependent variable, vehicle/pedestrian crash 
density, and each of the independent variables was examined. The variable with the 
strongest positive correlation to the crash density was on-street parking, shown in 
table B.1 with a 0.553 correlation. This means that segments with on-street parking 
are 55 percent more likely to have a higher vehicle/pedestrian crash density than 
segments without on-street parking. Number of lanes had the second strongest 
positive correlation crash density with a 0.394 correlation, meaning that segments 
with a greater number of lanes are more likely to have a higher crash density. The 
third strongest correlation was with two-way left-turn lanes (TWLTLs) at 0.275. This 
means that road segments with a center TWLTL are more likely to have a higher 
crash density and more vehicle/pedestrian crashes. However, table B.1 shows there 
was a strong positive correlation befinreen the number of lanes variable and TWLTL. 
One reason for this is that a TV1/LTL is in fact a lane and it is counted in the number 
of lanes variable. Other variables that had positive correlations with the crash 
density were; driveway density (0.156), pedestrian traffic generation (0.121), and 
school location (0.081). 
Speed limit had the strongest negative correlation with crash density with a —
0.238 correlation, shown in table B.1. This means that segments with a higher 
speed limit are 24 percent less likely to have to have a higher vehicle/pedestrian 
crash density than segments with a lower speed limit, or segments with a higher 
speed limit are less likely to have avehicle/pedestrian crash. The variable with the 
second strongest negative correlation to crash density was raised median, with a 
correlation of —0.201. This means that road segments with a raised center median 
will probably have a lower crash density than segments without a raised median. 
Other variables with negative correlations to vehicle/pedestrian crash density were; 
Average Annual Daily Traffic (-0.096), and vehicle traffic generation (-0.028). 
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Looking at these correlations, the variables most likely to have an affect on 
vehicle/pedestrian crash density were: on-street parking, number of lanes, speed 
limit, and raised median. The next step was to run a curve fit in order to determine 
the model best suited for describing the relationship between the criterion and each 
of the predictors. 
Curve fit: 
A curve fit analysis was conducted in order to determine the most suitable 
method for entering each of the four most relevant variables into the regression 
equation. This process looks at the relationship between the criterion and one of the 
predictors individually in order to determine which one of eleven models best 
represents that relationship. The R squared value, or coefficient of determination, 
shows which model, or curve, is the best fit to represent the relationship between the 
two values. A higher R squared value represents a better fit (16). 
The curve fit analysis showed that when using on-street parking as the 
dependent variable, the linear model's R squared value of 0.306 was greater than or 
equal to each of the other model's R squared values. Using a curve fit analysis for 
the other three relevant variables; number of lanes, speed limit, and raised median, 
had similar results. Each of these variables has a linear relationship with the 
vehiclelpedestrian crash density variable. A scatter plot of the relationship between 
each of these four independent variables and the crash density, shown in figure 5.1, 
confirms that each of these variables has a linear relationship with the dependent 
variable. 
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Figure 501 -- Scatter plot matrix of four predictors' relationship with criterion 
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Regression: 
Regression refers to the techniques used to create an equation that e~cplains 
the relationship between the criterion and one or more predictors (16). The basic 
regression equation; where Y is the dependent variable, X~ and X2 are the 
independent variables, bo is the constant, and b~ and b2 represent the slope for each 
independent variable, is as follows: 
Y = bo + b~X~ + b2X2
For the purposes of this study, regression was used to show the relationship 
between vehicle/pedestrian crash density and roadway design factors. Regression 
was used to test the research hypothesis, which is a tentative answer to the 
research question (18). The research question for this study is: what roadway 
design factors have an influence on vehicle/pedestrian crash location? The 
hypothesis being tested is that: factors such as on-street parking, number of lanes, 
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speed limit, and raised medians have an affect on the density of vehicle/pedestrian 
crashes in an area. 
Based on the results of the previous steps, the correlation and curve fitting, a 
linear regression model was created and run using the four independent variables: 
on-street parking, number of lanes, speed limit, and raised median. The R square 
value, also known as the coefficient of determination, can be used to examine the 
combined effect of the predictors on the criterion. This value represents the 
percentage of variation in the criterion that is accounted for by the predictors X16}. 
The R square value for the linear regression model using the four predictors found to 
have the strongest relationship to the criterion is 0.355, shown in table 5.2. This 
means that 35 percent of the vehiclelpedestrian crashes are explained by these four 
factors. 
The F statistic represents the effectiveness of the equation in explaining the 
research hypothesis. A higher F statistic means that there is more evidence against 
the null hypothesis being true t16). The F statistic for this equation, shown in table 
5.3, is 8.404. This value can be compared to the F statistic for the equation 
incorporating all_ of the independent variables used in this study into a linear 
regression equation. Figure C-7, in appendix C, shows that the F statistic for all the 
variables was 2.733, lower than the value in table 5.3, meaning that the equation 
incorporating only on-street parking, number of lanes, speed limit, and raised 
medians; better represents vehicle/pedestrian crashes. 
Table 5.2 —Model summary using four relevant predictors 
Modet Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error of 
the Estimate 
~ .596a .355 .313 2.941 
a. Predictors: (Constant), MEDIAN, # of lanes, On street 
parking, Speed Limit (mph) 
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Table 5.3 - ANt~VA using four relevant predictors 
AN OVAb 
Model 
Sum of 
df Mean Square F Sig. 
1 Regression 
Residual 
Total 
_Squares 
290.755 
527.623 
818.378 
4 
61 
65 
72.689 
8.650 
8.404 .000a 
a. Predictors: (Constant}, MEDIAN, # of lanes, On street parking, Speed Limit (mph) 
b• Dependent Variable: crash density 
Table 5.4 -Coefficients using four relevant predictors 
Coefficientsa
Model 
Unstandardized 
Coefficients 
Standardized 
Coeff cients 
t Sig. B Std. Error Beta 
1 (Constant) -7.908 6.903 -1.146 .256 
# of lanes 2.434 1.233 .226 1.974 .053 
On street parking 5.569 1.397 .455 3.987 .000 
speed Limit (mph) 1.42E-02 .110 .017 .129 . .898 
MEDIAN -.699 .919 -.094 -.760 .450 
a• DependentVariable: crash density 
Stepwise regression: 
The linear regression equation developed using all eleven variables did not fit 
the hypothesis well, there were a number of variables included that were not 
relevant or significant, as shown in table B.7 with an F statistic value of 2.733. The 
regression equation incorporating only the following four predictors, shown in figure 
5.3, has a higher F statistic value of 8.404. This indicates that this equation does a 
better job of indicating that certain roadway features do influence vehiclelpedestrian 
crash locations. However, the ability of this equation to explain the impact of 
roadway design features on vehicle/pedestrian crashes is still low. 
Stepwise regression is a method that will use only the predictors that are 
most significant and most relevant to the equation (17). This is accomplished by 
looking at the significance of the predictors and the strength of their relationship with 
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the criterion. The first predictor variable selected is the one with the strongest 
correlation to the criterion and has a significance less than or equal to 0.050 (17). 
The second predictor entered into the equation has the second strongest correlation 
to the criterion and meets the significance requirement of being significant at the 
0.05 level (17). The predictor variables in the equation are then looked at to see if 
there significance changes as a result of each other and if it has increased to a value 
greater than or equal to 0.1, the predictor variable is removed (17). This is repeated 
for ail subsequent predictor variables. 
Table 5.5 shows the results of a stepwise regression using vehicle/pedestrian 
crash density as the criterion and on-street parking, number of lanes, speed limit, 
and raised medians as the predictors. The first variable inserted into the equation 
was on-street parking, and the second was number of lanes. Both the speed limit 
and raised median variable were excluded from the equation as a result of their 
significance being greater than 0.1, shown in table 5.8. Table 5.5 shows that using 
both on-street parking and number of lanes as predictors has a higher R square 
value of 0.348 than only using on-street parking, which has an R square value of 
0.306. However, using only on-street parking as a predictor results in a higher F 
statistic value, shown in table 5.6. Both of these have a higher F statistic value than 
the linear regression model incorporating these two predictors along with the speed 
limit and raised median variables. 
Table 5.5 —Model sut~nmary for stepwise regression 
Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error of 
the Estimate 
~ 
2 
.553a 
.590b 
.306 
.348 
.295 
.327 
2.979 
2.910 
a. Predictors: (Constant}, On street parking 
b. Predictors: (Constant}, On street parking, # of lanes 
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Table 5.6 -- ANOVA for stepwise regression 
ANOVA~ 
Model 
Sum of 
Squares df Mean Square F Sid. 
1 Regression 
Residual 
Total 
250.581 
567.796 
818.378 
1 
64 
65 
250.581 
8.872 
28.245 .000a 
2 Regression 
Residual 
Total 
284.940 
533.438 
818.378 
2 
63 
65 
142.470 
8.467 
16.826 .00Ob 
a. Predictors: (Constant), On street parking 
b. Predictors: (Constant), On street parking, # of lanes 
~• Dependent Variable: crash density 
Table 5.7 -Coefficients for stepwise regression 
Coefficientsa 
Model _ 
Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 2.262 .385 5.883 .000 
On street parking 6.778 1.275 .553 5.315 .000 
2 (Constant) -7.442 4.832 -1.540 .129 
On s#reef parking 5.788 1.339 .473 4.321 .000 
# of lanes 2.377 1.180 .220 2.014 .048 
a• Dependen# Variable: crash density 
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Table 5.8 —Excluded variables for stepwise regression 
Excluded Variables 
Model Beta In t Sig. 
Partial 
Correlation 
CoUinearity 
Statistics 
Tolerance 
1 # of lanes .220a 2.014 .048 .246 .865 
Speed Limit (mph) -.078a -.709 .481 -.089 .909 
MEDIAN _ -.082a _ -.761 .449 -.095 .950 
2 Speed Limit (mph) -.034b -.308 .759 -.039 .868 
MEDIAN -.085b -.816 .417 -.103 .950 
a. Predictors in the Model: (Constant), On street parking 
b. Predictors in the Model: (Constant), On street parking, # of lanes 
c. Dependent Variable: crash density 
Table 5.7 shows the coefficients for the regression model that describes the 
relationship between the criterion, vehicle/pedestrian crash density, and the two 
predictors, on-street parking and number of lanes. These coefficients were used to 
develop a linear regression equation, which is: 
Y = -7.442 + 5.788X~ + 2.377X2
Where: Y =Vehicle/pedestrian crash density 
-7.442 is the constant 
X~ = On-street parking 
X2 =Number of lanes 
Although on-street parking and number of lanes are the only significant 
predictors, other variables may be relevant in describing the affect of roadway 
design characteristics on vehicle/pedestrian crashes. Since both the speed limit and 
the raised median variable had the next two highest correlations to 
vehicle/pedestrian crash density, and the relationship is linear, each was inserted 
into a linear regression model along with the variables on-street parking and number 
of lanes in order to determine what affect each had on the R square value. Although 
these two variables are not significant, if they have a sizeable impact on the R 
square value, they may be relevant. 
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Table B.9, in appendix C, shows the impact of including speed limit as a 
predictor in addition to on-street parking and number of lanes in the regression 
equation. The result was a 0.001 increase in the R square value. Including raised 
median as a predictor in the regression equation had a slightly larger impact, 
increasing the R square value by 0.007, shown in table B.12. 
Final regression equation: 
The resulting regression equation represents the best fit of the data obtained 
for the Des Moines metropolitan area and the multiple regression model. The two 
predictors used in the final equation, on-street parking and number of lanes, have 
the highest correlation of all the variables included, to the vehicle/pedestrian crash 
density. Both of the variables correlation to the predictor is of moderate strength. 
These two predictors also have the greatest influence on the criterion, and are the 
most relevant of the factors included in this study. These two independent variables 
are more likely to have a greater influence on vehicle/pedestrian crashes than other 
roadway design variables. 
Two other independent variables, speed limit and raised median, have a 
weak to moderate correlation to the vehicle/pedestrian crash density. When these 
two variables were added to the regression equation, they had a very small positive 
impact on the R square value. And, both had a negative impact on the F statistic, 
decreasing the equation's ability to prove the null hypothesis false. However, this 
does not mean that speed limit and raised medians do not affect vehicle/pedestrian 
crashes. Linear regression is not usually used to study crash statistics. One reason 
for this is that linear regression relies on a normal distribution curve, which is not the 
case with crash statistics. Poisson or negative binomial regression is used in most 
crash studies, such as the Safety Effects of Marked vs. Unmarked Crosswalks at 
Uncontrolled Locations by the Federal Highway Administration (19). Speed limit and 
raised medians may be more relevant in these models without having an adverse 
impact on the model's ability to disprove the null hypothesis. 
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Cha ter 6 -- Conc! unions: 
p 
This study was conducted to explore the relationship between roadway 
design features and pedestrian safety. Using crash and road information from Des 
Moines, Iowa, a relationship was found between vehicle/pedestrian crash density 
and the variables on-street parking and number of lanes. The purpose of this 
chapter is to examine the relationship between the results of this study and the 
proposed research hypothesis. 
The potential for certain roadway characteristics to influence 
vehicle/pedestrian crash locations and densities is outlined in chapter two. Certain 
characteristics, such as on-street parking, create the potential for increased 
vehicle/pedestrian crashes. Other characteristics, like raised median improvements, 
offer the potential to reduce vehicle/pedestrian crashes. The impact of different 
roadway characteristics on vehicle/pedestrian crash location and density has not 
been studied in much detail. And the affect of more than one characteristic on 
vehicle/pedestrian crashes has not been looked at previously. 1 nformation on the 
relationship between roadway characteristics and vehiclelpedestrian crashes would 
be useful in understanding methods to improve pedestrian safety, and applying 
specific treatments to problem areas. 
This information is useful to planners because it will help them to promote the 
health, safety, and welfare of the public. Roads make up an important part of the 
transportation system, and transportation is very important because it allows the 
movement of people and goods. Through a better understanding of how land use 
and roadway design characteristics influence vehiclelpedestrian crash densities, 
planners will be better able to improve public safety by making roadways safer for 
pedestrians. 
Results and the research hypothesis: 
The research hypothesis for this study was: that four lane arterials with raised 
medians, lower driveway densities, and no on-street parking, are likely to have a 
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lower vehicle/pedestrian crash density than similar four lane arterials without 
medians, with higher driveway densities, or on-street parking. 
The development of a regression equation for this study, in chapter five, 
shows that on-street parking and the number of lanes is significant in their 
relationship to vehicle/pedestrian crashes and has a sizeable influence. Other 
variables in this study, such as speed limit and raised medians are not significant. 
These results show that roadway design characteristics do have an impact on 
vehicle/pedestrian crashes, and certain characteristics have a greater impact than 
others. 
Need for future research: 
While there is research on specific roadway characteristic and pedestrian 
safety, there is little that looks at the impact of two or more characteristics combined. 
This study shows that two or mare different roadway characteristics can have an 
affect on vehicle/pedestrian crashes, and there needs to be more in-depth research. 
An important point of this study is that there is no one factor that is the cause 
of a vehicle/pedestrian crash. These incidents are the result of more than one 
factor, where one may have played a larger role than another. A study similar to this 
should be reproduced taking into account not only roadway characteristics; but also 
environmental conditions, or condition of the motorist and pedestrian. These factors 
may have a greater influence than roadway characteristics, or the most influential 
characteristic may vary by city. This study should also be repeated in different cities 
around the United States to determine if the same relationship patterns exist. 
Similar studies should also be conducted in cities with higher pedestrian 
traffic. Des Moines, is mostly a driving city, land uses are segregated and places 
spread out. A city with higher land use densities and more mixture between land 
use types may yield different results. Looking at the combined affect of more than 
one factor on vehicle/pedestrian crashes will be useful for implementing policies and 
projects to improve pedestrian safety. This will allow cities and towns to see how 
58 
different roadway design characteristics will affect pedestrian safety in their area and 
choose the best option for reducing vehicle/pedestrian crashes. 
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Appendix A —Vehicle/Pedestrian crashes and access 
management: 
This appendix contains additional tables that describe the location where 
vehicle/pedestrian crashes occur and the time of day when these crashes occur. It 
is intended as supplement for chapter 2. 
Table A.1 
Pedestrian fatalities in sin • !e vehicle crashes by roadway function class and ear ~ , 
Roadway function class Year 
1998 1999 2000 2001 
Rura! roadway total 1,491 1,407 1,250 1,272 
Principal arterial interstate 249 243 138 150 
Principal arterial other 334 280 222 249 
Minor arterial 226 225 182 21 Z 
Major collector 312 286 261 284 
Minor collector 94 92 79 73 
local road or street 352 345 318 262 
Unknown 24 36 50 42 
Urban roadway types total 3, 279 3, 090 2, 005 2, 850 
Principal arterial interstate 249 246 252 260 
Principal arterial other expressway or freeway 157 155 158 174 
Other Principal arterial 1,268 1,143 1,146 1, 032 
Minor arterial 732 671 614 572 
Collector 194 170 172 152 
Local road or street 665 682 625 608 
Unknown 14 23 38 52 
Unknown roadway type 31 19 85 339 
Total 4,801 4,516 4,340 4,461 
Source: National Highway Traffic Safety Administration -Pedestrian Roadway Fatalities, 2003 
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Table A.2 
Pedestrian fatalities in Single vehicle crashes by pedestrian location and year 
Pedestrian location ~ Year 
1998 1999 2000 2001 
Total intersection location 1,069 938 989 940 
In crosswalk 354 365 378 380 
On road, not in crosswalk 209 165 175 179 
On road, crosswalk not available 180 146 147 122 
On road, crosswalk availiblity unknown 281 230 253 223 
Not in road 26 21 20 18 
Unknown 19 11 16 18 
Total non-intersection location 3,713 3,556 3,330 3,474 
I n crosswalk 41 36 43 38 
On road, not in crosswalk 539 484 516 601 
On road, crosswalk not available 2, 032 1, 924 1, 736 1, 834 
On road, crosswalk availiblity unknown 697 663 617 591 
In parking lane 11 9 10 6 
On road shoulder 202 267 195 207 
Bike path 2 1 0 0 
Outside trafficway 42 38 42 36 
Other, not on road 130 115 149 144 
Unknown 17 19 22 17 
Unknown location 19 22 21 47 
Total 4,801 4,516 
. 
4,340 
. w w w w 
4,461 
Sourcce: National Highway Traffic Safety Administration - Pedestrran Roadway ~atal~t~es, 
Pedestrian fatalities in sin_ le vehicle crashes ~ ~i • ~ht condition an:d ear.
Time of day Year 
1998 1999 2000 2001 
Daylight 1,614 1,407 1, 391 1,428 
Dark 1,446 1,430 1, 321 1, 360 
Dark but lighted 1,542 1,464 1,458 1,457 
Dawn 74 87 67 77 
Dusk 109 113 83 92 
Unknown 16 15 20 47 
Total 4, 801 4, 516 4, 340 
s 
4, 461 
- - ~w~ww 
Source: National Highway Traffic Safety Administration - Pedestrran Roadway Patal►ties, 
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Table A.4 
Pedestrian fatalities in sin • le vehicle crashes b time of da and ear 
Time of day Year 
1998 1999 2000 2001 
Midnight to 3 am 521 491 484 471 
3 am to 6 am 293 320 288 326 
6 am to 9 am 393 411 394 398 
9 am to noon 320 299 253 270 
Noon to 3 pm 385 295 355 347 
3pm to 6 pm 640 571 539 575 
6pmto9pm 1,211 1,145 1,127 1,111 
9 pm to m idnight 1, 007 956 869 933 
Unknown 31 28 31 30 
Tota I 4, 801 4, 516 4, 340 4, 461 
Source: IVationa! Highway Traffic Safety Administration -pedestrian Roadway Fatalities, ,003 
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Appendix B —Inferential statistics: 
This appendix contains additional tables that are referenced in chapter six. 
These tables show the influence of additional variables in the regression equation. 
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Table B.6 -Model summary for all dependent variables in linear regression 
Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error of 
the Estimate 
~ A 
1 .637a .406 .257 3.058 
a. Predictors: (Constant), HOSPITAL, Driveway density, 
TWLTL, SCHOOL, Segment length, On street parking, 
vehicle traffic generation, Speed Limit (mph), AADT, 
MEDIAN, # of lanes, pedestrian traffic genera#ion, # of 
Driveways 
Table B.7 - ANOVA for all dependent variables in linear regression 
ANovAb 
Model 
Sum of 
Squares df Mean Square F Sig. 
1 Regression 
Residual 
Total 
332.203 
486.175 
818.378 
13 
52 
65 
25.554 
9.350 
2.733 .005a 
a• Predictors: (Constant), HOSPITAL, Driveway density, TWLTL, SCHOOL, Segment 
length, On street parking, vehicle traffic generation, Speed Limit (mph), AADT, 
MEDIAN, # of lanes, pedestrian traffic generation, # of Driveways 
b• Dependent Variable: crash density 
Table B.8 -Coefficients for all dependent variables in linear regression 
Coefficients a 
Model 
Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) -14.687 11.711 -1.254 .215 
# of lanes 3.927 2.055 .364 1.911 .062 
MEDIAN -1.067 1.350 -.143 -.790 .433 
TWLTL -1.785 1.975 -.'174 -.903 .370 
On street parking 6.379 1.574 .521 4.053 .000 
# of Driveways 4.55E-02 .080 .275 .572 .570 
Driveway density -1.6E-02 .068 -.093 -.232 .818 
Speed Limit (mph) -1.3E-02 .138 -.015 -.091 .928 
AADT 1.33E-04 .000 .194 1.152 .255 
Segment length -1.466 4.403 -.125 -.333 .740 
vehicle traffic generation 2.18E-02 .218 .016 .100 .921 
pedestrian traffic 
generation -.242 .532 -.092 -.455 .651 
SCHOOL 1.051 1.665 .115 .631 .531 
HOSPITAL .830 1.859 .056 .447 .657 
a. Dependent Variable: crash density 
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Table B.9 -- Model summary for linear regression with speed limit included 
Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error of 
the Estimate 
1 .591 a .349 .318 2.931 
a. Predictors: (Constant), Speed Limit (mph), # of lanes, 
On street parking 
Table 8.10 -- ANOVA for linear regression with speed limit included 
ANOVAb 
Model 
Sum of 
Squares df _Mean Square F Sig. 
1 Regression 
Residual 
Total 
~ 
285.753 
532.625 
- 818.378 
3 
62 
- 65 
95.251 
8.591 
11.088 .000a 
a. Predictors: (Constant), Speed Limit (mph), # of lanes, On street parking 
b. Dependent Variable: crash density 
Table B.11 -Coefficients for linear regression with speed limit included 
Coefficientsa 
Unstandardized Standardized 
Coefficients Coefficients 
Model B Std. Error Beta t Sig. 
1 (Constant) ~ -6.129 6.473 -.947 .347 
# of lanes 2.298 1.216 .213 1.890 .063 
On street parking 5.696 1.382 .465 4.122 .000 
Speed Limit (mph) -2.9E-02 .094 -.034 -.308 .759 
a. Dependent Variable: crash density 
Table B.12 -Model summary for linear regression with median included 
Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error of 
, the Estimate 
1 .596a .355 .324 2.918 
a. Predictors: (Constant), MEDIAN, # of lanes, On street 
parking 
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Table B.13 - ANOVA for linear regression with median included 
ANOVAb 
Modet 
Sum of 
Squares df Mean Square F Sig. 
1 Regression 
Residual 
Total 
290.611 
527.767 
818.378 
3 
62 
65 
96.870 
8.512 
11.380 .000a 
a. Predictors; (Constant}, MEDIAN, # of lanes, On street parking 
b. Dependent Variable: crash density 
Table B.14 -Coefficients for linear regression with median included 
Coefficientsa 
Unstandardized 
Coefficients 
Standardized 
Coefficients 
Model B Std. Error Beta t Sig. 
i (Constant) -7.279 4.849 -1.501 .138 
# of lanes 2.394 1.183 .222 2.023 .047 
On street parking 5.546 1.375 .453 4.033 .000 
MEDIAN -.638 .782 -.085 -.816 .417 
a. Dependent Variable: crash density 
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